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(57)Abstract 



PURPOSE; To propeHy transmit a translucent feeling to a dental technician, 
by selecting the translucent feeling in displaying the color image of an 
adjacent tooth and displaying the translucent region or dentin shape of the 
teeth in a color state different from other image part 
CONSTTTUTION: An a<|jacent tooth is photographed under a definite 
niuminaticn condition by a color camera 1 1 to be displayed on the picture of 
a color CRT 12 through a controller 14 and the shape of the translucent 
region of the acljacent tooth 17 is displayed, for example, by a different 
color so as to be capable of being discriminated from the other region of 
the picture of the CRT 1 2. Herein, the dentin presence part of the teeth 
has no translucent feeling and this translucent feeling appears on a cut end 
part Therefore, In place of the translucent region, the shape of the dentin 
of the teeth is displayed so as to be capable of being discriminated from 
the other region on the picture of the color CRT 1 2. By this method, each 
region of an artificial tooth is replaced with a shade guide visually while the 
color distribution of the acjacent tooth 1 7 displayed on the picture of the 
color CRT 12 is referred 
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Specification 

1. Title of Invention 

Method of determining tooth color used in fashioning artificial teeth 

2. Claims 

A method of determining tooth color used in fashioning artificial teeth, characterized in that 
color image input means, color image display means, color image storage means, control means, 
and control operation means are provided; and tooth color reference color information is stored in 
advance in said color image storage means; and a tooth that will be adjacent to the tooth that is to be 
fashioned is photographed by said color image input means, which enables illumination of the oral 
cavity of a patient; and a color image of said adjacent tooth is displayed by said color image display 
means such that at least the shape of the translucent area of the tooth, or the dentine of the tooth, is 
shown to differ in color from other parts of the image; and the tooth color of this adjacent tooth is 
determined by comparison with color reference color information that has been stored in said color 
image storage means. 



3. Detailed Description of the Invention 
Industrial Field 

The present invention concerns methods of determining tooth color used in fashioning 
prosthetic artificial teeth in the field of dental care. 

Prior Art 

Generally speaking, the aesthetic of dentistry is nothing other than the beauty of nature itself 
When artificial teeth or prostheses are provided in the fi'ont tooth area, it is of the greatest 
importance that they appear natural. However, it is only very rarely that the color of artificial teeth 
or prostheses, which are usually made by dental technicians, are sufficiently harmonized with the 
other teeth in the oral cavity of the patient as to be indistinguishable from them. When the color of 
artificial teeth, in particular, does not harmonize with that of other teeth in the oral cavity, a problem 
arises in that the dental technician concludes that the selections of the dentist from the shade guide 
that is used as a color reference for making artificial teeth were unsatisfactory, and the dentist 
concludes that color matching with the shade guide as performed by the dental technician was 
unsatisfactory, so that each blames the other. 

Artificial teeth presently in use include: (1) baked porcelain crowns, (2) entirely ceramic crowns, 
and (3) crowns made using photopolymerized polymer. There are also various materials for partially 
repairing and supplementing teeth. 

Regardless, whether making artificial teeth or supplementing natural teeth, color must be 
determined. Reference is usually made to the color of the teeth (natural teeth in most cases) that are 
adjacent to the tooth being treated. 

For example, when artificial teeth are to be made, the color of the artificial tooth is matched to 
that of the adjacent teeth in the oral cavity of the patient by comparing the adjacent teeth to a color 
reference known as a shade guide. The shade guides sold by various companies each have vinique 
types of color, and shade guides numbers, such as Al, A2, CI, C2, etc., provided. There is no 
standardization of shade guides among manufacturers thereof, but each shade guide is, generally 
speaking, constituted in the shape of a tooth, from a material similar to natural teeth. The types of 
powder, as well as the order and quantities in which they are blended, for the purpose of 
reproducing each respective shade guide color, are predetermined. A system is thus established 
whereby artificial teeth that are close in color to the target can be fashioned if the artificial tooth 
color is selected in accordance with shade guides. 

At present, dentists usually select the color of artificial teeth or prostheses in the examination 
room, based on shade guides. This visual information is then conveyed by the dentist to the dental 
technician, using a reference chart 1 such as that shown in Figure 7. As can be seen in the 
illustration, this reference chart 1 includes some relatively detailed expressions. However, if, for 
example, one such as A2 is selected, from among shade guides including only basic colors, many 



imprecise expressions such as "white" and "brown" are used for various areas, so that the visual 
information as to adjacent teeth that is obtained by the dentist is not conveyed to the dental 
technician. For this reason, dental technicians sometimes directly examine the oral cavities of 
patients in the examination room, in order to match the artificial tooth color, when making artificial 
teeth. 

The state inside the oral cavity of the patient in the examination room is thus reproduced in the 
dental laboratory, and it is expected that visual information can be expressed to a greater degree 
numerically. 

From this perspective, technologies for enlarged color display of the state inside oral cavities of 
patients are important, and some devices have actually been commercialized. These devices are 
constituted by systematizing ultra-small CCD color cameras, color televisions, and video players. 
However, these devices simply provide an enlarged color display of the oral cavity interior, and 
have no fimctions that contribute to artificial tooth making. 

Although a device that quantifies natural tooth color is commercially available, it is very rarely 
used in clinical practice. 

Herein, natural tooth color will be addressed, with reference to Figure 8. Part of the light, A, that 
is incident on a natural tooth, 2, is reflected by the surface of the enamel, 3 (specularly reflected 
light, B, and diffusely reflected light, C), so that gloss and unevenness can be detected, but nearly 
all of the incident light. A, is transmitted through the enamel, 3, and is incident on the tooth interior. 
Since the light that is incident on the enamel, 3, is selectively dispersed in transmission through 
diffusion by minute crystals of hydroxyapatite, the reflected light gives an impression of a high 
degree of bluish or grayish white translucence, together with an opalescent effect. Since the unique 
color of the enamel, 3, is further enhanced the thicker it is, the incisal edge, which is almost entirely 
composed of enamel, 3, shows the unique color of the enamel. There are some cases in which the 
extremity of the incisal edge is so lacking in thickness that it is almost completely transparent. On 
the other hand, while a portion of the Ught that is transmitted through the enamel, 3, and reaches the 
border between the dentine, 4, and the dentinoenamel junction, is diffused in that area, the yellow 
orange and orange that is the unique spectrum thereof is reflected toward the vestibular surface of 
the tooth. In the central part, wherein the enamel, 3, is thick, the unique enamel color is seen as 
mixed with the color of the dentinoenamel junction and the dentine, 4, but the effect of the unique 
enamel color is attenuated closer to the neck of the tooth (the part close to the gingiva, 5), and the 
color of the dentinoenamel junction and the dentine, 4. is strongly reflected. Li Figure 8, D 
represents diffusely transmitted light, E represents directly transmitted light (specularly transmitted 
light), F represents specularly transmitted light that is attenuated in the dentine, 4, and G represents 
specularly transmitted light that is very attenuated. A red tint is also added in the vicinity of the neck 
of the tooth, as an effect of the color of the gingiva, 5. The light transmitted fi-om the lingual surface 
of the tooth diminishes the intensity of light that is reflected toward the vestibular surface of tooth, 
which results in a darkening of the natural tooth, 2. Otherwise, the finger-shaped structure of the 



dentine, 4 in the incisal edge is seen to stand out in sharp outhne against the highly transparent 
enamel, since it is highly reflective, and hypocalcified areas in the enamel, 3, as well as areas that 
have been decalcified by caries and the like, diflRise light, and thus appear as white bands and spots. 
In addition, the natural tooth, 2 has pronounced fluorescence, and emits a beautiful yellow and blue 
fluorescent light when irradiated with ultraviolet Ught. 

That is, the natural tooth is translucent with respect to visible light, and the color of the natural 
tooth varies greatly, depending on both illumination conditions and the direction of observation, 
since multiple diffusions of light penetrating the interior of the tooth occur repeatedly due to apatite 
crystals in the enamel. Meanwhile, existing tooth color measuring devices measure changes in tooth 
color due to multiple difiusions of this kind only under certain limited conditions, and are 
inadequate for obtaining the characteristic values of natural teeth needed for fashioning artificial 
teeth. Existing tooth color measuring devices are for this reason very rarely used in clinical practice. 

It is therefore extremely difficult to accurately represent the color of natural teeth (adjacent 
teeth). However, the reason that the color of artificial teeth does not harmonize with that of the other 
teeth in the oral cavities of patients is related to the way in which tasks in prosthesis are divided, at 
present, between the dentist, who determines the color of the artificial tooth, and the dental 
technician, who fashions the artificial tooth, and a major factor is the imprecision of information 
conveyed between them using a reference chart 1 . 

Selection of tooth translucence (degree of translucence and the range thereof) is therefore a very 
important item of data for fashioning artificial teeth. In this respect, it is difficult to select 
translucence based on visual determination, using conventional shade guides. 

Object 

Taking the foregoing points into account, the object of the present invention is to provide a 
method of determining tooth color used in fashioning artificial teeth that will enable precise 
determination of the color of artificial teeth and prostheses, with reference to the color of adjacent 
teeth, as well as precise selection of tooth translucence for fashioning artificial teeth and prostheses, 
thus contributing to fabrication of artificial teeth and prostheses that more closely resemble natural 
teeth. 

Constitution 

In order to achieve the aforementioned object, the present invention is a method of determining 
tooth color used in fashioning artificial teeth, characterized in that color image input means, color 
image display means, color image storage means, control means, and control operation means are 
provided; and tooth color reference color information is stored in advance in the color image 
storage means; and a tooth that will be adjacent to the tooth that is to be fashioned is photographed 
by the color image input means, which enables illumination of the oral cavity of a patient; and a 
color image of the adjacent tooth is displayed by the color image display means such that at least 



the shape of the translucent area of the tooth, or the dentine of the tooth, is shown to differ in color 
from other parts of the image; and the tooth color of this adjacent tooth is determined by 
comparison with color reference color information that has been stored in the color image storage 
means. 

In the following, an embodiment of the present invention will be described, with reference to 
Figures 1 through 6. Firstly, Figure 1 shows a schematic view of the constitution of the tooth color 
display device used to implement the present embodiment. This device comprises a color camera, 

11, as color image input means, a color cathode ray tube (CRT), 12, as color image display means, a 
floppy disk, 13, a controller, 14, as control means, and a mouse, 15, as control operation means. A 
light source, 16, that illuminates the oral cavity of a patient during photography with the color 
camera, 11, is also provided. 

The basic function of this sort of device is to determine the color of the artificial tooth that is to 
be fashioned by comparing, on the same color CRT, 12, screen, a color image of the shade guide 
and a color image of the natural teeth in the oral cavity of the patient, which are input by the same 
color camera, 11, under standard lighting conditions. At this time, it is possible to compute the color 
difference between two points by obtaining R, G and B signals from arbitrarily selected points on 
the color image, and to select the shade closest to an adjacent tooth, which serves as a color 
reference for fashioning the artificial tooth. For this purpose, shade guide color images, as well as R, 
G and B signals from various points, are stored on the internal hard disk memory (color image 
storage means) of the device; color information from color images of the adjacent tooth, as well as 
the numbers and the like of shade guides, after selection, are stored on a portable storage medium, 
such as the floppy disk, 13. This portable storage medium becomes a medium for conveying 
information from the dentist to the dental technician, instead of a reference chart. There is also no 
particular need for a light source if the examination room and dental laboratory lighting, including 
the intensity thereof, are the same, provided by super-high color rendition fluorescent lights 
(FL-EDL), for example. Control operation means are also not limited to the mouse, 15. 

The following is a description of the present embodiment procedure, using the aforementioned 
constitution, as illustrated in Figure 2. 

(1) First of all the interior of the oral cavity of the patient, and particularly the teeth adjacent to 
the tooth that is to receive care, are photographed in the examination room, using color camera, 11, 
while illuminated under standard lighting conditions, and displayed on the screen of the color CRT, 

12, via the controller, 14, as shown in Figure 2(a). In the drawing, multiple teeth are shown on the 
color CRT, but among these, the tooth shown as 17 is the adjacent tooth on which attention will 
focus. 

Herein, moisture is removed from the tooth surface, using gauze or the like, when the oral 
cavity is photographed. The angle between the tooth and the color camera, 11, is adjusted with 
respect to the illumination from the light source, 16, so that the light that is directly reflected from 
the tooth is greatly reduced. Photographs can be taken with a particularly low level of light directly 



reflected from the tooth if a polarizing fiher is used with the Hght source, 16, and the color camera, 
11. The reason for this is that when adjacent tooth, 17, is used as a reference for fashioning an 
artificial tooth, surface structure and translucence, in addition to color, are in:q)ortant issues. As 
regards tooth surface structure, there are white bands that are visible on natural teeth, and enamel 
scoring wherein organic matter is trapped in flaws in the enamel ( enamel lamellae), for example, 
and these change with aging. Reproduction of the color of the natural tooth is maintained to some 
extent if it is photographed using the color camera, 11, under ordinary illumination, and displayed 
on the color CRT, 12, but the microstructure of the tooth surface is difficult to reproduce, because of 
the light reflected therefrom. When a polarizing filter is interposed between the light source, 16, and 
the color camera, 11, there is very little directly reflected light effect resulting from illumination, 
enabling reproduction of the microstructure of the tooth surface. 

(2) Next, an enlarged view of the tooth, 17, that is adjacent to the tooth receiving care is 
displayed on the color CRT, 12, and shifted to an appropriate position on the screen, as shown in 
Figure 2(b). The color of an adjacent tooth, 17, such as this one, is used as a color reference for 
fashioning the artificial tooth. The display status shown in Figure 2(a) may also be eliminated, and 
the expanded display shown in Figure 2(b) employed immediately. In order to avoid the 
aforementioned light directly reflected from the tooth when inputting images, image processing 
may be utilized as necessary to eliminate the directly reflected light component. Tooth image 
processing, such as edge enhancement, may also be implemented, 

(3) Next, the adjacent tooth, 17, that is displayed in expanded view on color CRT, 12, is divided 
into sections with dotted lines, as shown in Figure 2(c). The tooth is divided into sections in this 
way in order to substitute a shade guide color for each section, since, as discussed above, the 
adjacent tooth (natural tooth) is not constituted entirely of a uniform color. That is, the color of the 
artificial tooth is determined with reference to that of the adjacent tooth, but the color of the natural 
tooth (adjacent tooth) varies between the neck of the tooth close to the gingiva, the central area, and 
at the incisal edge. The color information necessary for fashioning artificial teeth could not be 
obtained with precision using conventional methods, wherein only the basic color (for example, B2) 
of the adjacent tooth is selected from among shade guides that serve as color references. The 
adjacent tooth, 17, which is to serve as a color reference for fashioning artificial teeth, is therefore 
divided into sections, and a shade guide is substituted for each section. The procedure by which this 
adjacent tooth, 17, is divided, and the number of sections, are optional, but as indicated by sections 
(1) through (9) in Figure 2(c), for example, it appears that the minimum requirement is 9 sections or 
so. On the same screen of the color CRT, 12, on which the adjacent tooth, 17, is displayed divided 
into sections, the artificial tooth that is to be fabricated is also shown in simplified form at the same 
time, next to the adjacent tooth. The purpose of this is to record the color of the artificial tooth that 
is to be fabricated, with reference to the color of the adjacent tooth, 17. Herein, a tooth, 18, for 
recording a shade guide is displayed. This tooth, 18, for recording a shade guide is divided into 
sections corresponding to the sections into which the adjacent tooth, 17, is divided, and the shade 



guide colors or shade guide numbers for sections of the tooth, 18, for recording a shade guide that 
correspond to sections of the adjacent tooth, 17, are recorded. 

At this point, there is a function that compares, on the same color CRT, each of the sections into 
which the adjacent tooth, 17, which is the color reference for the artificial tooth, is divided, to [the 
corresponding] section of the shade guide that serves as a tooth color reference, and replaces each 
section of the adjacent tooth with a shade guide. The two are then quantitatively compared, using 
the R, G and B signals of the color images, and the shade guide number that has been selected for 
each section of the adjacent tooth, 17, may be recorded, once all sections have been automatically 
replaced with shade guide numbers (that is, as shown in Figure 2(b) [sic]). It is also necessary to 
display on the color CRT, 12, screen the shape of the tooth regarding which results of color 
comparison with the adjacent tooth, 17, that is, the artificial tooth that is to be fashioned, are 
recorded, if all sections of the adjacent tooth, 17, are replaced with shade guide colors or numbers, 
based on visual determination by a dentist. The shape of the artificial tooth (18, for recording a 
shade guide) is therefore displayed on color CRT, 12. At this point, the shape of the adjacent tooth, 
17, that is used as a color reference may be used as it is, as the shape of the artificial tooth that is 
displayed together with the adjacent tooth, 17. This is because adjacent teeth usually have a similar 
odontogenesis. However, when the shape of the artificial tooth to be fashioned is drastically 
different fi-om that of the adjacent tooth, 17, the contour and shape are usually stored in advance in 
the non-portable storage means (hard disk memory) inside of the color image storage means in the 
device, according to the type of tooth. It may be retrieved fi-om this memory and displayed. 

The most difficult aspect of determining the color of the natural (adjacent) tooth is ascertaining 
the translucence thereof (the degree of translucence and the range (shape) thereof). The kind of 
translucence that the natural tooth has, and the shape that the translucent area assumes are very 
important items of information for the dental technician. If the natural tooth is photographed at this 
point, using the color camera, 11, and displayed on the color CRT screen, the translucence of the 
natural tooth under the prevailing lighting conditions can be reproduced to some degree. Other 
information concerning the natural tooth can be added by varying lighting conditions in the oral 
cavity and natural tooth backgrounds, and this data will be usefiil in fashioning artificial teeth. It is 
especially effective to constitute members that are connected to the color camera that is inserted into 
the oral cavity when photographing the interior of the oral cavity of the patient of a uniformly high 
density color, since the translucence is clearer if the rear (background) of the tooth is constituted of 
high density colors. In particular, information that indicates translucence is included in the RGB 
signals that are the color image information read from the natural tooth by the color camera, 1 1 . By 
varying lighting conditions and background colors, clearer signals can be obtained. A fixed distance 
between the adjacent tooth, 17, and the color camera, 11, is preferred when photographing and 
inputting [an image of] the adjacent tooth, 17, inside the oral cavity, using the color camera, 11. 
Increasing the image information input also necessitates varying the angle between the adjacent 
tooth, 17, and the color camera, 1 1. It is acceptable, for this purpose, to secure the color camera, 1 1, 



and the members that are connected thereto, to the patient, thus providing a point of support, and 
making it possible to vary the angle between the adjacent tooth, 17, and the color camera, 11. 

Selection of the translucence of the tooth provides a very important item of data for fashioning 
the artificial tooth. It is difficult to select translucence by visual judgement, based on shade guides, 
as in the conventional methods. In the present embodiment, translucence is selected, and the shape 
of the translucent area of the natural tooth (adjacent tooth 17) can be distinguished from other areas 
displayed on the color CRT, 12, screen by varying the colors, for example. This information will 
prove to be extremely useful data, since it can be reproduced in the same form by the dental 
technician, hi regard to this point, there is no translucence in areas in which there is dentine; the 
translucence manifests in the incisal edge. Instead of the translucent area, therefore, displaying the 
shape of the dentine of the tooth on the color CRT, 12, screen, so that it can be distinguished from 
other areas, has the same effect. 

(4) Thus, all areas of the artificial tooth (18, for recording a shade guide) are replaced with 
shade guides, as shown in Figure 2(d), based on visual observation, while consulting the color 
distribution of the adjacent tooth, 17, which is displayed on the color CRT, 12, screen, as shown in 
Figure 2(c). Herein, the shade guide numbers Al, Bl, etc., are displayed, but it is also acceptable to 
replace the sections with shade guides colors. In a specific example, when determining the color of 
section (1) of the adjacent tooth, 17, shade guide colors for the section of tooth, 18, for recording a 
shade guide, which is displayed on the right side, are displayed sequentially, and these colors are 
compared on the screen to the color of section (1) of the adjacent tooth, 17. The shade guide that 
matches, or nearly matches, is then specified. The area of the screen in which the shade guides are 
displayed is optional. For example, it may partially overlap the area for adjacent tooth, 17, to which 
the shade guides are compared. 

The color of section (1) of the adjacent tooth, 17, can be automatically determined by obtaining 
the R, G and B signals from section (1) of the adjacent tooth, 17, and comparing these to the R, G 
and B signals of each of the shade guides, which are color references that are input and stored in 
advance for fashioning artificial teeth. That is, color information from arbitrary points on the color 
image that is displayed on the color CRT, 12, is expressed numerically, and a tooth color reference 
that minimizes the difference from the color input for the tooth in the oral cavity is automatically 
selected. At this time, colors may be compared according to an RGB color system derived from 
these R, G and B signals, or else r, g and b signals may be obtained from the R, G and B signals. 
Conversion to another color system, such as an XYZ system, with an automatic selection of a shade 
guide that minimizes the color difference, is also acceptable. 

When the shade guide corresponding to each section of the adjacent tooth, 17, is selected 
automatically in this way, the aforementioned tooth, 18, for recording a shade guide is not needed, 
and shade guide numbers may be entered directly into the sections of the adjacent tooth, 17. 

The R, G and B signals thus associated with shade guides, or data of another color system, such 
as an XYZ system, can be stored in advance in the internal memory of the device. 



The shade guides that are presently in use are not entirely constituted according to uniform 
colors, and there are microscopic uneven areas on the surfaces thereof. While all of these shade 
guides are photographed by the color camera, 11, under standardized lighting conditions, the R, G 
and B output of each point (position) on a shade guide differs, as shown in Figure 9. Figure 9 shows 
the output properties of a shade guide in Al mode, for example. Shade guides are usually 
tooth-shaped constitutions, and even if only a part thereof is observed under uniform lighting 
conditions, the lighting conditions lose uniformity, and there are apparently some effects, though 
slight, of these differences in Ughting condition. 

To unambiguously determine shade guide color, therefore, it is best to use a material with 
approximately the same spectral characteristics as the natural tooth, and that is constituted in a 
uniform color. Hence, as shown in Figure 3, flat plate shade guides, 19, comprising this sort of 
material and color, are used in the present embodiment. That is, flat plate shade guides, 19, are 
formed such that the color reference surface is flat, and the R, G and B output from this surface has 
little variation. In addition, color information obtained in regard to shade guide, 19, when the 
illumination conditions are varied, and when the relative positional relationship of color camera, 12, 
[sic] and shade guide, 19, especially the angle, is varied, that is, R, G and B data, can be very useful 
as data if it is stored in advance in the internal memory of the device. 

There are also some areas of translucence in some of the shade guides that are presently in use, 
but in fact, shade guides are selected according only to the basic color of the adjacent teeth; 
translucence is rarely a criterion for selecting shade guides. Flat shade guides of graduated 
translucence, for the purpose of selecting translucence, would therefore be useful when fashioning 
artificial teeth. 

If the example illustrated in Figure 2(d) is such that a single adjacent tooth, 17, is displayed in a 
area representing approximately 1/3 of the screen of the color CRT, 12, which is constituted with 
480 pixels vertically and 512 pixels horizontally, each area, divided into 9 parts, would have 
approximately 100 pixels vertically and 50 pixels horizontally. This would be equivalent to 5000 
pixels overall. The tooth, 18, for recording a shade guide would be similar. Under these conditions, 
one procedure would be to receive 5000 pixels of R, G and B signals to determine the R, G and B 
signals for section (1), for example, and then compute the mean of these. Even if gauze is used to 
remove moisture from the surface of the natural tooth (adjacent tooth 17), some moisture, however 
small an amount, may remain, due to microscopic uneven areas on the surfaces thereof, to be 
partially picked up in the natural tooth image displayed on the color CRT, 12, as directly reflected 
light. There are therefore areas with extremely high R, G and B signal parameters, when measuring 
R, G and B signal images, and data of this kind is a factor giving rise to errors when measuring the 
color of natural teeth. 

According to results of actual measurements of natural teeth and shade guides, variation is such 
that the standard deviation, which represents variation in R, G and B data, is approximately 0.8 to 
6.0. If there is little variation in the data, it is acceptable to use the mean of the R, G and B signals 



from the relevant area, but if there is a large variation, there will be less error if the mode value is 
selected. Therefore, it is also useful to display a histogram of the R, Q and B signals from the 
relevant area on the color CRT, 12, to check data variation. 

If R, G and B signals are obtained from each area of the adjacent (natural) tooth, 17, shade 
guides can be matched automatically to the adjacent tooth, 17, through comparison with 
predetermined R, G and B signals from each shade guide, 19, as discussed above. 

The spectral characteristics of materials used to fabricate artificial teeth are especially close to 
the spectral characteristics of natural teeth, but the match is not perfect. There are many cases in 
which there are problems in that a natural tooth (adjacent tooth) and an artificial tooth seem to be of 
the same color when compared under indoor fluorescent lighting conditions, but appear to be 
different in color when viewed in sunlight. While it is thus impossible to fashion artificial teeth that 
will appear to be the same color as natural teeth under all lighting conditions, insofar as the spectral 
characteristics of the materials are different, it is essential to be capable of fashioning artificial teeth 
that will cause as little embarrassment as possible under any lighting conditions. 

If, as is usual, an object is photographed and input by the color camera, 11, and displayed on the 
color CRT, 12, the color information that is obtained from the color CRT 12 will vary in various 
ways according to the properties of the color camera, 11, and the color CRT, 12, and thus will differ 
from the actual color. It would therefore be very useful in fashioning artificial teeth if, as in the 
present embodiment, the natural tooth (adjacent tooth 17) and shade guide, 19, which have been 
input by the same color camera, 11, while illuminated under the same lighting conditions, were 
displayed and compared on the same color CRT, 12. Thus, even if the color of both the natural tooth 
and the artificial tooth as displayed on the color CRT, 12, are slightly different from the actual color, 
the dental technician will be able to compare the actual shade guide color to the shade guide color 
as displayed on the color CRT, 12, and will thereby be able to fashion an artificial tooth that is close 
in color to the natural tooth. Incidentally, technicians usually have the ability to surmise the actual 
color of the natural tooth from a single instant photograph of the natural tooth inside of the oral 
cavity of the patient, and of the shade guide. The selected shade guide colors can also be 
supplemented if the color of the adjacent tooth, 17, is not in the shade guide. 

The color image information obtained in this way is stored on a portable information storage 
medium, such as a floppy disk, 13. If a natural tooth or shade guide is displayed in color on a color 
CRT, 12, 64 gradations are sufficient, but a minimum of 32 gradations are essential. This is because 
false contours arise, rendering the image unsatisfactory, if the tooth is displayed at a 16 gradations 
level or less. At present, the memory space required to display a color image of 480 X 512 pixels 
with 32 gradations is 480 X512X 2^X3 = approximately 3 megabytes. Displaying the image of a 
single tooth in 1/3 of the area of a color CRT 12 screen would therefore require approximately 1 
megabyte of memory space. On the other hand, if a single shade guide has 30 colors, it would 
require approximately 30 megabytes of memory space, and it would be better for this reason to use 
hard disk memory. 



That is, all of the colors in the shade guides that are one of the characteristics of the present 
embodiment, replacing the reference chart system, and which are a tooth color reference requiring a 
very large amount of memory space, are stored in the non-portable hard disk memory that is inside 
a device such as the controller, 14, whereas the color image information for the adjacent tooth, 17, 
of an individual patient, and the color information for the selected shade guide, are stored on a 
portable storage medium such as a floppy disk, 13. The information required for fabrication of the 
artificial tooth is thus stored on a floppy disk, 13, and since it is easily portable, this floppy disk, 13, 
replaces the conventional reference chart as a means of conveying information between dentists and 
dental technicians. 

(5) Thus, the dentist gives the dental technician the floppy disk, 13, on which the color 
information for adjacent tooth, 17, and the shade guide, 19, number selection information are stored, 
and the dental technician reproduces the information on the color CRT screen in the dental 
laboratory, as shown in Figure 2(e). The artificial tooth is fashioned with reference to the display 
image that is reproduced. At this time, a shade guide, 19, number is recorded in each of the sections 
of the natural tooth in the reproduced image, so that an artificial tooth that is close to the adjacent 
tooth, 17, can be fabricated. The artificial tooth that is actually fabricated is photographed and mput 
by the color camera, 12 [sic], as in the aforementioned case, and an image of the artificial tooth is 
displayed on the color CRT, 12, screen instead of the tooth, 18, for recording a shade guide, so that 
it can be compared with the adjacent tooth, 17, which is displayed on the same screen. 

Imaging systems that are integrated into ordinary cameras output signals the amplitude of which 
varies according to the presence or absence of light, and color images cannot be input by this means 
alone. Hence, a 3-plate color camera, for example, as shown in Figure 4, can be used as the color 
camera, 11, for receiving color signals. Herein, incident light transmitted via imaging lens, 20, is 
separated by color separation prism, 21, into R, G and B signals. Individual imaging devices, for 
example, charge coupled devices (CCDs). 22 through 24, receive light, so that R, G and B signals 
are received concurrently. CCD 22 is used for the red signal, R, CCD 23 for green, G, and CCD 24 
for blue, B. A single plate color camera is also acceptable as the color camera, 11. Herein, using an 
optical low pass filter (LPF), 26, and a special color filter array, 27, color signals corresponding to 
light that is incident via an imaging lens, 25, are received simultaneously in multiplexed form from 
a single device, for example, CCD 28. 

Next, the constitution and operation of a specific display circuit for displaying on color CRT, 12, 
a color image that has been photographed by a color camera, 11, of this kind will be described, 
based on Figure 6. First, a color demodulator circuit, 30, is used to separate R, G and B signals fi-om 
the composite color image signal received fi-om color camera, 1 1 . At this point, the composite color 
image signal is a synthesis of a luminance signal, Y, a chrominance signal, a synchronization signal, 
and a burst signal. The signals that are output fi-om the color demodulator circuit, 30, are an R-Y 
signal, a G-Y signal and a B-Y signal, fi-om each of which the luminance signal, Y, has been 
subtracted, rather than the R, G and B signals. These R-Y, G-Y and B-Y signals that are output fi-om 



the color demodulator circuit, 30, are usually easy to process, since they are of low voltage. The 
signals are finally synthesized with the luminance signal, Y, by RGB output amplification circuit, 32, 
in the color television, 31, that is used for the color CRT, 12, and then output to the color CRT, 12. 

Herein, the color image is input in 3 fi-ame times, so that it is necessary to switch for each of the 
R-Y, G-Y and B-Y signals, with respect to the output from the color demodulator circuit, 30, using 
the multiplexer, 33. The composite color image signal output from the aforementioned color camera, 
11, is also input to the horizontal deflection circuit/synchronizing separation circuit/vertical 
deflection circuit, 34. The 3 frame times are determined by the 3 frame time determination circuit, 
35, and input to the multiplexer, 33. These signals, which have been switched by the multiplexer, 33, 
are synthesized with the luminance signal, Y by the adding circuit, 36, and are stored in the R 
memory, G memory and B memory, respectively, in the refresh memory, 40, via the image 
amplification circuit, 37, the A/D converter, 38, and the data buffer, 39. The output from the R 
memory, G memory and B memory in the refresh memory, 40, are each input to the aforementioned 
RGB output amplification circuit, 32, in the color television, 31, via the D/ A converter, 41, and the 
image amplification circuit, 42. At this time, the luminance signal, Y, from the image amplification 
circuit, 43, is input to the luminance signal, Y, terminal of the RGB output amplification circuit, 32. 

When a color image is displayed at this point, the composite synchronization signal that has 
been received from the image display control circuit, 44, is input to the image amplification circuit, 
43, via the synchronization signal level regulating circuit, 45, and the switch, 46, so that the 
luminance signal, Y, is constant. 

These operations are mainly controlled by the microcomputer, 47. First, an image input control 
circuit, 48, is arranged to control the operation of A/D converter, 38, in accordance with the 
synchronization signal. Image processing control circuit, 49, is also provided. Address bufiers, 50, 
51 and 52, are interposed between, respectively, control circuits, 44, 48 and 49, and refresh memory, 
40. The data buffer, 55, which is controlled by operation switching circuit, 54, through manipulation 
of the switch, 53, connects the data buffer, 39, to the image processing control circuit, 49. The 
cursor indicator, 56, that corresponds to the mouse, 15, is connected to D/A converter, 41, via cursor 
control circuit, 57. 

In this type of constitution, the color image that is photographed and input by the color camera, 
1 1, is reproduced and displayed on the color CRT, 12. 

Effect 

When a color image of an adjacent tooth as recited above is to be displayed, the present 
invention selects translucence, and displays the color status of the translucent section or the shape of 
the dentine, which differs from that of other areas of the image. It is therefore possible to properly 
convey translucence, which is an item of information that is important to fashioning artificial teeth, 
to dental technicians, thereby contributing to the fabrication of artificial teeth that cause less 
embarrassment. 



4. Brief Description of the Drawings 

Figures 1 through 6 show an embodiment of the present invention. Figure 1 is a simplified 
perspective view. Figure 2 is a simphfied perspective view showing display status in process 
sequence. Figure 3 shows simplified perspective views of shade guides. Figures 4 and 5 are 
structural diagrams of color cameras. Figure 6 is a circuit diagram of a color image display circuit. 
Figure 7 is a plan view of a reference chart showing a conventional example. Figure 8 is an 
explanatory drawing that is used to describe the color of a natural tooth. Figure 9 is an RGB output 
characteristic chart for conventional shade guides. 

11: color camera (color image input means); 12: color CRT (color image display means); 14: 
controller (control means); 15: mouse (control operation means); 17: adjacent tooth 
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